Numerical results shows that at low |t| dominant contribution comes from tchannel π-exchange while effects of nucleon and N * (1440) pole terms can be seen at large |t|. Our predictions for the differential cross section and beam asymmetry for the processes γ + N → ω + N * (1440), where N is proton and neutron at E γ = 2.5 GeV are presented with zero width approximation and also with the inclusion of width effects of N * (1440).
I. INTRODUCTION
Baryon resonances, in particular the Roper resonance N * 1/2,1/2 (1440), have a special interest at the moment from the theoretical and experimental point of view. N * (1440) is the first excited state of nucleon with a broad full width of 350 ± 100 MeV which is twice as compared to those of the neighbooring resonances N * (1520) and N * (1535) [1] . Although the Roper resonance was discovered first during the phase shift analysis of π-N scattering [2] , it has not observed directly yet. Some quark [3] [4] [5] [6] [7] and bag models [8, 9] try to explain its nature, but it is still not well known. Photoproduction of vector mesons in particular channel, where the target nucleon is excited to Roper resonance, γ + N → V + N * (1440), might provide supplementary knowledge about this resonance and its couplings to meson-nucleon channels.
In order to extract information on Roper resonance from assocative production of vector meson and N * (1440) it is essential to understand the production mechanisms. Since Roper resonance has similar quantum numbers (spin 1/2, isospin 1/2 and positive parity) with nucleon the corresponding dynamics of the associative photoproduction of vector meson and N * (1440), γ + N → V + N * (1440), can be studied analogously to that of "elastic" vector meson photoproduction, γ +N → V +N. Theoretical studies on photoproduction of neutral vector meson [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] involve the different combination of the following mechanisms: (i) pseudoscalar (π, η) and scalar (σ)-meson exchanges in t-channel; (ii) One-nucleon exchange in (s+u)-channel; (iii) the Pomeron exchange in t-channel.
In Ref. [20] , associative neutral vector meson (ρ and ω) and N * (1440) production near threshold in γp interaction has been analyzed within an approach based on the tree level diagrams of t-channel π-and σ-exchanges and effective Lagrangians. For such exchanges although it is possible to obtain some constraints on πNN * (1440) and σNN * (1440) couplings, measurement of above reactions with linearly polarized photon will be more decisive.
Considering these both mechanisms alone will also result in trivial polarization phenomena which can be predicted without knowledge of exact values of coupling constants and phe-nomenological form factors. For example, the beam asymmetry Σ induced by the linear polarization of the photon beam, and all possible T-odd polarization observables as such, for example, target asymmetry or polarization of final proton produced in collisions of unpolarized particles will be zero identically for any kinematical conditions of the considered reaction. Analogously, it is possible to predict that ρ 11 = 1, and all other elements of the ρ-meson density matrix must be zero. Evidently contributions other than above mechanisms should be estimated to assess the relevance of the proposed measurement.
In consideration of other mechanisms one problem that must be stressed is the applicability of Pomeron exchange in the near threshold region. In accordance with resonance-Reggeon duality [21] , at low energies sum of the resonance contributions in s-channel can be effectively described by the different t-channel Reggeon (but not by the Pomeron). Thus we face with double counting problem when s-channel resonance contributions and t-channel exchanges are considered simultaneously [22] , and therefore division of threshold amplitude into resonance and background cannot be done in a unique way. In this respect, Born contributions to γ + N → V + N * (1440) must be considered as background. 
II. FORMALISM AND MODEL
Calculations of different observables for the associative photoproduction γ +N → N * +ω are performed by using the formalism of so called transversal amplitudes in the center of mass system (CMS) of the considered reaction. Advantage of this formalism is that it is effective for the analysis of polarization phenomena in photoproduction reactions.
Matrix element of any photoproduction mechanism can be written in terms of 12 independent transversal amplitudes as Differential cross section and beam asymmetry are given by
and
where N = | q|/64π 2 s| k| and dσ /dΩ (dσ ⊥ /dΩ) is the differential cross section induced by photon whose polarization is parallel (perpendicular) to reaction plane in which all other particles in the initial and final state are unpolarized. The corresponding differential cross section and beam asymmetry which are obtained by using Eq. (1), (2), and (3) can be written in terms of transversal amplitudes
where m v is the mass of vector meson, θ is the angle between k and q in CMS, h 1 and h 2 are the structure functions of the considered reaction.
Due to large width of Roper resonance, width effects must be included in the calculation of γp → ωN * (1440) reaction near threshold. We introduce these effects by the Breit-Wigner parametrization as
in which M max N * is the maximum mass of the Roper resonance for fixed s and t, and B(M N * ) is the Breit-Wigner function in the form
Energy dependent partial and total widths are given by
where The suggested model for the reaction γ + N → N * (1440) + ω contains t-, s-, and uchannel exchange mechanisms, which are shown in Fig. 1 . Following discussion of Ref [19] we consider only π-exchange mechanism in t-channel. The matrix element for this exchange mechanism can be written as
where t = (k − q) 2 , m ω (m π ) is the mass of the ω-(π-) meson, ε µ (U µ ) is the polarization four vector of photon(vector meson), u(p 1 )(u(p 2 )) is Dirac spinor for initial nucleon (final Roper resonance), g πN N * and g ωπγ are the strong and electromagnetic coupling constants of the πNN * and ωπγ vertices, respectively. Notation of particle four momenta is given in Fig. 1 .
Form factors which appear in the above matrix element are in the form
where Λ πN N * (Λ ωπγ ) is the cut-off parameter of the considered vertices in pole diagrams.
The nucleon s-channel contribution is described by the following amplitude
where 
where to determine the values of these constants from the fit to experimental data on the differential cross-section for the photoproduction of ω meson [28] .
III. RESULTS AND DISCUSSION
In the previous section, we have defined all the necessary parameters in t-, s-, and uchannel amplitudes of our model for the process, γ + N → ω + N * (1440). Let us specify here in more detail the coupling strenghts and cut-off parameters of of the considered model.
For the coupling constant g ωπγ we take the most commonly used value 1.82 [19] ωN N * , namely set 2 and set 3. We follow the same minimization procedure used in Ref. [29] for the determination of vector and tensor coupling constant that differential cross section on proton and neutron targets can have differences by a factor of 2 or more, i.e. we can predict definite isotopic effects.
Another prediction of our model is the t-dependence of beam asymmetry Σ(γp → ωN * (1440)) and Σ(γn → ωN * (1440)) at E γ = 2.5 GeV, shown in Fig. 5 and Fig. 6 .
For the proton target, all three sets of coupling constants produce negative Σ, but although absolute value of Σ is small for set 1 and set 2, being |Σ| ≤ 0.1, it is nearly 0.25 at |t| = 1.2 to perform the calculations on the boundary of the modern approaches to these processes and it should be considered as a first approach.
IV. CONCLUSIONS
The analysis done in the previous section results in the following conclusions:
• The relatively simple model (π + N + N * ) is proposed to describe the assocative photoproduction of Roper resonance and ω meson on proton and neutron targets near threshold region (E γ < 3GeV ) for the whole t region. Comparison of this model with one-pion calculations demonstrates the definite difference in behaviour of differential cross section.
• The different solutions for the coupling constants and the cut-off parameters obtained from the fitting procedure result in the constructive and destructive π (N + N * )-interference contributions to dσ(γp → N * (1440))/dt.
• Σ-asymmetry is different from zero and its t-behaviour is sensitive to our model parameters, namely g V,T ωN N * (1440) coupling constants, which are obtained in the time-like region of vector meson four momentum. 
